The effectiveness of risk mitigation may be compromised by informal trade, including illegal activities, parallel markets and extra-legal activities. While no regulatory system is 100% effective in eliminating the risk of disease transmission through animal and animal product trade, extreme risk aversion in formal import health regulations may increase informal trade, with the unintended consequence of creating additional risks outside regulatory purview. Optimal risk mitigation on a national scale requires scientifically sound yet flexible mitigation strategies that can address the competing risks of formal and informal trade. More robust risk analysis and creative engagement of nontraditional partners provide avenues for addressing informal trade.
Introduction
Trade has occurred since the beginning of human civilisation. The expansion of trade paralleled population growth and specialisation as individuals and societies exploited their competitive advantages to exchange goods and services. Demands for food and fibre are the major drivers for large-scale international movement of animals and animal products. Smaller volumes of trade are driven by demand for animals for transportation and traction, domestic animals for pets, wildlife for zoos, animals and animal products for religious, ceremonial or medicinal purposes, genetic materials for breeding programmes, and animals, animal products or animal pathogens for scientific research. Animals and animal products are now traded in every country in the world. Cross-border trade is a major source of economic activity for developing and developed countries alike.
Trade occurs through both formal and informal channels. Formal trade occurs through trade agreements, between countries of origin and destination, which define the conditions under which trade may occur, including tariffs or non-tariff restrictions such as import health requirements. These health requirements and trade restrictions are implemented by government regulatory agencies. The legal foundation and regulatory oversight of formal trade serve to mitigate the risks of disease introduction and spread through trade.
The term 'informal trade' refers to illegal activities, parallel markets and extra-legal activities (8) . Smuggling is the classic example of illegal trade. For example, pangolin products are smuggled into China despite global prohibition on such trade. Smugglers take risks because the demand for pangolin meat and pangolin scales for traditional medicinal use is so great that there is the potential for huge profits (19) . Parallel markets refer to those markets that normally are outside regulatory jurisdiction, such as the market in hobbyist animals. Exotic small ruminants, for example, were traded in large numbers in the United States during the 1990s through informal swap meets. Extra-legal activities include those activities that are technically illegal but often are overlooked. Food items in international travellers' luggage, such as artisan cheese or sausage, provide an excellent example: many are illegal but border authorities rarely intercept all of them. Extra-legal trade can be significant where insufficient regulatory resources exist to monitor all trade.
As stated in the introduction to the chapter on import risk analysis in the World Organisation for Animal Health (OIE) Terrestrial Animal Health Code (Terrestrial Code): 'The importation of animals and animal products involves a degree of disease risk to the importing country' (16) . As the volume of trade increases, whether through formal or informal channels, the magnitude of the risks from disease introduction and spread increases dramatically.
Whether it is formal or informal, trade in animals and animal products can result in the spread of animal diseases and zoonoses. Smuggled meat products are suspected to have been the source of foot and mouth disease (FMD) virus in the 2001 United Kingdom (UK) FMD outbreak (14) . Monkeypox was introduced into the United States through unregulated parallel markets for exotic small rodents (2) . Rift Valley fever appears to have spread from Kenya to Tanzania through extra-legal movement of livestock by pastoralists: clearly illegal but overlooked. This paper looks at strategies for optimising import risk mitigation in light of both formal and informal trade.
The complexity of international trade
International trade is a complex, dynamic system comprising a large number of interdependent elements. Supply and demand are the fundamental economic underpinnings of trade. Many drivers, such as economic policy, international aid and diplomacy, serve to promote trade. The global trading system is affected by culture, demographics, religion and politics. International trade includes an array of subsystems at the national, regional and international levels. While most trade discussions focus on large-scale movements of animals and animal products, some very small-scale trade, such as the exchange of pathological specimens between researchers, may carry a disproportionately high risk of entry of the pathogen into a new region, i.e. 'release' in the OIE risk analysis terminology. (5) -wildlife smuggling is a huge business, with estimates of tens of thousands of primates, millions of live birds and hundreds of millions of live tropical fish being traded illegally every year (6) -illegal importation of meat represents a significant risk for introduction of FMD, African swine fever and classical swine fever and swine vesicular disease into Great Britain (13).
Demand for animal products is growing rapidly, as demonstrated by large increases in the value of meat imports in developed and developing countries alike (4). As real incomes rise in developing countries, their demand for meat and poultry increases, thereby increasing the pressure for imports if domestic production cannot keep pace. The greater the disparity between demand and supply, the higher the price people are willing to pay and the greater the incentive for informal trade channels if formal trade channels do not exist or cannot address the demand.
Veterinary Services manage a paradox
The basic responsibilities of Veterinary Services include border control and import regulations to prevent the Rev. sci. tech. Off. int. Epiz., 30 (1) Wooldridge et al. (13) developed an extensive model to characterise risks from illegal importation of meat into the UK. The quantitative risk assessment considered all smuggling from all countries. The results demonstrated variable risks, with the highest being for classical swine fever, where the estimated frequency of infection per year was 0.3, with a 95% confidence interval of 0.006 to 0.8 (13) .
Given the existence of informal trade in every country to varying degrees, consideration of formal trade channels only underestimates the true risk. If the volume of informal trade is small, it may have a relatively small impact on the overall risk. On the other hand, extensive informal trade may represent considerable risk regardless of the effectiveness of regulatory control on formal trade channels.
Risk mitigation
Risk mitigation encompasses activities taken to minimise the risk of disease introduction, exposure of susceptible animals and spread among animals, as well as actions to lessen further potential consequences of disease when introduced. Paradoxically, extreme measures limiting or prohibiting legal avenues for trade may increase the likelihood of illegal, parallel or extra-legal introduction, thereby creating risks whose clandestine nature compromises effective mitigation.
Solomon et al. (9) mention excessive regulations as one of the factors contributing to the increase in the number of animals illegally exported from Ethiopia. Regional trade in live animals for use by religious pilgrims creates a huge demand. In this situation, strict regulations on formal trade created the unintended consequence of greater pressure on informal trade channels.
According to the Terrestrial Code, the objective of risk management is: 'to manage risk appropriately to ensure that a balance is achieved between a country' s desire to minimise the likelihood or frequency of disease incursions and their consequences and its desire to import commodities and fulfil its obligations under international trade agreements' (16) . Balancing the desire to minimise the likelihood or consequence of disease incursions and the desire both to import and export animals and animal products creates a dynamic tension. The Kennedy Report, an appraisal of the effects of quarantine and other import control options on the risk of rabies introduction into the UK, is the only example that the authors could find of an import risk assessment that estimated the impact of various mitigation measures on the cumulative risk of both formal and informal trade (7). Thus, Veterinary Services face a paradox: they must control and regulate imports to protect domestic populations and at the same time facilitate trade with developing and transition countries to allow them access to markets in order to capture the benefits of globalisation. This paradox sometimes leads to conflicting views. Import officials work under the paradigm 'when in doubt, keep it out' while export officials think, 'if it' s good enough for our people, it' s good enough for the world'. Developed countries tend to be more restrictive on imports while developing countries, with fewer resources, seek external markets as a means of economic development. This occurs in the context of a global trade system that is complex, multidimensional and always changing.
Limits of risk analysis
The OIE has developed a systematic risk analysis approach to address importation of animals and animal products (16) . This import risk analysis consists of hazard identification, risk assessment, risk management and risk communication. Risk analysis is an invaluable tool for mitigating import risks.
While the current OIE import risk analysis process is very flexible, there is currently no reference to informal trade in the risk analysis chapter of the Terrestrial Code. The process focuses on pathogenic agents of concern within the context of importation of commodities through formal trade routes. The risk analysis chapter also does not examine potential competing risks, such as whether restrictions on formal trade may increase the nature and amount of informal trade. Nothing in the SPS Agreement precludes either consideration of informal trade or assessment of competing risks (18) .
The OIE acknowledges that no single method of risk analysis is universally applicable: 'Risk assessment should be flexible to deal with the complexity of real life situations. No single method is applicable in all cases. Risk assessment should be able to accommodate the variety of animal commodities, the multiple hazards that may be identified with an importation and the specificity of each disease, detection and surveillance systems, exposure scenarios and types and amounts of data and information' (16).
Implications for veterinary legislation and regulation
Total import bans or declaring that borders are closed, while of symbolic value as a political gesture, do not prevent informal movement. Unsatisfied domestic demand creates inexorable pressure for trade. The international narcotics trade demonstrates clearly that alternative approaches are necessary in both the originating and destination countries. Paradoxically, reducing the barriers to formal trade may lead to an overall decrease of risk by creating incentives for increased trade through legal routes. For example, importing country subsidies for preembarkation testing and certification in the country of origin may reduce transaction costs. Together with the risk of apprehension this may be sufficient to redirect informal traders to formal trade channels.
No simple legal or technical solution exists to optimise risk mitigation for both formal and informal trade. Laws and the regulations promulgated to implement them are inherently limited in their ability to support import risk mitigation. Supply and demand shift continually, so trade is dynamic and ever-changing and regulations cannot be updated quickly enough to keep pace. The development of new products and the social epidemics created by fads in fashion, food and other goods exacerbate the challenges. Neither increased regulation nor more government resources can completely stop informal trade. Zero risk of disease spread through trade is unachievable.
The SPS Agreement, which gave international legal standing to the OIE Terrestrial Code, focuses on formal trade. The 'equal treatment' provision requires that countries with similar animal health statuses must be handled similarly by the importing countries. However, the UK risk assessment of illegal meat imports demonstrated variable risk among countries for which import regulations were equivalent. The risks posed by informal trade with countries with limited regulatory compliance capacity may justify targeting of risk mitigation efforts. For example, more intensive screening of passenger baggage arriving from these countries may be appropriate where extra-legal trade represents a significant risk.
Ironically, some treaties unrelated to the WTO and sanitary issues may increase pressure for informal trade that escapes veterinary oversight. In 1997, the Convention on International Trade in Endangered Species (3) listed all sturgeon species in Appendix II (controlled trade), which made international research collaborations almost impossible, as no exemption was made for scientific samples (1) . The quest for scientific information may prod legitimate scientists to employ informal trade options in order to continue their work. More robust risk assessments are needed to consider formal and informal trade simultaneously. The lack of informal trade statistics makes these assessments more difficult to develop. Consequently, alternative data sources and expert opinion are needed to develop the import risk assessment model and assess the total risk (13) . While no risk assessment can consider all circumstances, failure to consider informal trade at all has the potential to cause an underestimation of overall risk and create a false sense of security. Once formal trade regulation has been regulated tightly enough to manage potential risks, the proportion of total risk attributable to informal trade is increased; once the risk posed by formal trade is 'negligible', most incursions will come from informal routes. Ideally, the risk assessments should be robust enough to evaluate the relative impact of alternative regulatory measures on both formal and informal trade, much like a sensitivity analysis.
Risk communication involves a two-way sharing of information and opinion that can lead to more effective risk management. Historically, agricultural producers have been seen as the primary stakeholder for Veterinary Services, but Veterinary Services must expand their risk communications portfolio to include stakeholders across the food chain, from farm to table, as well as those with knowledge of informal trade channels. This informationsharing can fill data gaps for the risk assessments and build trust and credibility. An open two-way exchange of information and opinion may help identify shared interests and open avenues for more effective risk mitigation in informal channels.
New and expanded partnerships also can supplement Veterinary Service capacity and contribute to optimising risk mitigation. Engaging stakeholders in both the risk assessment (13) and risk mitigation considerations can increase a sense of shared ownership and a commitment to collective action. Stakeholder engagement and collaborative partnerships could help mitigate risks arising from informal trade, such as the widely recognised informal trade in raptors. In 2004, H5N1 was detected at Brussels airport in two eagles from Thailand that had been smuggled by a trader attempting to fill an order placed by a Belgian falconer offering €7,500 each (11) . Greater engagement of falconers and animal health officials could lead to innovative approaches for risk mitigation. Both want healthy birds. Mutual acknowledgement of this shared interest may allow for creation of informal mechanisms to mitigate risk in populations that frequently move by informal trade, such as cooperative programmes for falconer organisations that alert their membership of the clinical signs of various diseases of concern and the risk of informal trade. These partnerships may even allow for the creation of a voluntary and confidential screening service that could be adopted by organisation members as a type of pre-movement health insurance.
Tariffs and transaction costs create barriers to formal trade and can distort formal trade and encourage informal trade (10) . Reduction or removal of these barriers can contribute to a shift of trade from informal to formal channels. Bilateral trade agreements can remove these trade barriers.
New risk mitigation efforts also can target specific risks of informal trade. Increased education of international visitors about the risks of H5N1 is one example of an effort to reduce the carrying of high-risk materials in passenger luggage. Analysis of smuggling patterns in the UK identified specific originating countries for different risks, allowing the focusing of anti-smuggling efforts (13) .
Conclusion
The objectives of Veterinary Services include minimising the risk of exotic disease introduction, remaining vigilant with good surveillance systems and being prepared to respond to disease incursions in order to limit their health and economic impacts. Import health requirements are an important component of these services but these regulations can only be enforced for formal trade. Risks due to informal trade are recognised but rarely assessed.
Given that informal trade can represent a significant risk for exotic animal disease entry, Veterinary Services must understand the relationship between formal trade restrictions and informal trade. Trade needs to be managed so as to equalise risks between the formal and informal sectors. This does not necessarily mean that likelihoods and consequences are equal in both; rather, it means that: P formal sector * consequences formal sector ≈ P informal sector * consequences informal sector
Creative approaches are needed to gain a better appreciation of informal trade and to implement effective mitigation measures for addressing these risks as well as the risks of formal trade. Focusing on the total risk allows for different mitigation measures for different sectors. For example, if the consequences of disease entry resulting from informal trade are relatively low, then postintroduction mitigation efforts may be more effective than focusing strictly on disease exclusion. Different approaches are needed for producers who have implemented compartmentalisation and those who have not. On-farm mitigations may be more appropriate for small producers who are not linked to recognised compartments, while formal trade restrictions may be more appropriate for the compartments which use formal trade routes and for which the consequences of disease entry would probably be much greater. The flexibility gained through this approach may allow for more cost-effective mitigations by Veterinary Services and a greater increase in net social welfare than would otherwise be the case.
Optimización de la mitigación del riesgo asociado a las importaciones. Anticipación de las consecuencias indeseadas y los riesgos competitivos que entraña el comercio sumergido
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Resumen El comercio sumergido (actividades ilegales, mercados paralelos y actividades no reglamentadas) puede poner en peligro la eficacia de las medidas de atenuación del riesgo. Aunque ningún sistema de reglamentación ofrece un 100% de eficacia para eliminar el riesgo de transmisión de enfermedades por el comercio de animales o sus derivados, el hecho de llevar al extremo la aversión al riesgo en las normas sanitarias que regulan las importaciones oficiales puede traducirse en un aumento del comercio sumergido, con la consecuencia indeseada de generar riesgos adicionales que escapan al ámbito reglamentario. A la escala de un país, para reducir al mínimo posible el riesgo se requieren estrategias científicamente fundamentadas y a la vez flexibles, que sirvan para Alors même qu'aucun système de réglementation ne peut éliminer à 100 % le risque de transmission des maladies animales à travers les échanges d'animaux et de produits d'origine animale, les réglementations excessivement restrictives à l'égard du risque à l'importation finissent parfois par favoriser les échanges informels, avec pour effet involontaire de faire apparaître de nouveaux risques qui échappent au contrôle réglementaire. La meilleure politique d'atténuation du risque à l'échelle nationale consiste à élaborer des stratégies à la fois fondées scientifiquement et suffisamment souples pour faire face aux risques compétitifs de l'économie formelle et informelle. Le recours à des analyses du risque plus robustes et la participation créative de partenaires non traditionnels peuvent ouvrir de nouvelles perspectives pour répondre aux enjeux de l'économie informelle.
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atenuar los riesgos competitivos que se derivan del comercio legal, por un lado, y del sumergido, por el otro. Un análisis del riesgo más robusto y una participación creativa de interlocutores no tradicionales son medios útiles para abordar la cuestión del comercio sumergido.
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